25 2 6th International
(A Symposium on Spin Physics

A Century of Spin

Semi-inclusive deep inelastic scattering

off a tensor-polarized spin-1 target

Jing Zhao (& ##)

Shandong University

In collaboration with: Alessandro Bacchetta, Shunzo Kumano, Tianbo Liu, Ya-jin Zhou

arXiv:2508.06134 [hep-ph]

) NFYPESRNFERYAFHESTRE
» / ( % .% ) g‘\y" o Key Laboratory of Particle Physics and Particle Irradiation (MOE)
V ‘ , gﬂ“ J//;’ *ili ? ﬂ. $ ;i * ﬁH % m ,I:‘

SHANDONG UNIVERSITY, QINGDAO 5 Research Center for Particle Science and Technology




Introduction

%(1 + Sto?)

B Spin-1/2: p:2 X2 P

Si: spin vector S = (S%,5%,51) —3 independent components

m Spin-1: p:3x3 p=73(1+355'2 +37T7%Y)
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Figure from Phys. Rev. D 62, 114004 (2000).

Spin-1 hadrons offer unique access to explore novel effects beyond spin-1/2 targets.



Introduction

B Experiments with deuteron

» Deuteron is the simplest stable spin-1 nucleus (a weakly bound system of a proton and a neutron).

« HERMES experiment: First measurement of tensor polarized structure function b,
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HERMES collaboration, Phys. Rev. Lett. 95 242001 (2005).

See S. Kumano’s slides,
Sep. 23, 2:00 pm
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W. Cosyn, Y-B. Dong, S. Kumano, and, M. Sargsian, Phys. Rev. D 95, 074036 (2017)

Understanding the tensor structure of spin-1 deuteron
is required for learning partonic structure of light nuclei.
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Introduction

 Upcoming experiments: JLab, Fermilab

The Deuteron Tensor Structure Function b,

A Proposal to Jefferson Lab PAC-40

E12-13-011

Spin 1 Transverse Momentum Dependent Tensor Structure Functions in CLAS12
Jiwan Poudel, Alessandro Bacchetta, Jian-Ping Chen, Dustin Keller, Ishara Fernando et al. (Feb 27, 2025)
e-Print: 2502.20044 [hep-ph]

Experimental study of tensor structure function of deuteron

Jiwan Poudel (Jefferson Lab), Alessandro Bacchetta (INFN, Pavia), Jian-Ping Chen (Jefferson Lab), Nathaly
Santiesteban (New Hampshire U.) (Apr 18, 2025)

Published in: Eur.Phys.J.A 61 (2025) 4, 81 - e-Print: 2506.04506 [nucl-ex]

Inclusive DIS and SIDIS
tensor polarized collinear PDFs and TMD PDFs

Enhanced Tensor Polarization in Solid-State Targets
Dustin Keller, Don Crabb, Donal Day (Aug 21, 2020)
Published in: Nucl.Instrum.Meth.A 981 (2020) 164504 - e-Print: 2008.09515 [physics.ins-det]

The Transverse Structure of the Deuteron with Drell-Yan
SpinQuest Collaboration - D. Keller (Virginia U.) for the collaboration. (May 2, 2022)
e-Print: 2205.01249 [nucl-ex]

Proton-deuteron Drell-Yan

Corresponding theoretical study is required!



Kinematics and spin states

B Trento conventions

Virtual photon-target frame

¢(1) + d(P) — £(U') + h(Py) + X (Px)
1

Spin-1 target, e.g. deuteron

Several commonly used dimensionless variables:

[ Q2 } P P.P, oMz,
T4 y=—-5-, 2= v =

:2P-q’ A P.q’ Q

x, is scaling variable for the deuteron. xp = 2x,

luPhygﬁL_V luPhl,e’f/

COSPp=—Tp=—x=,  singp =T
lLPhL lLPhL

g _ g QPUEEPE (g PRPY
- P-gl+9?) "1492\ @ M?
ET/ — Mvpo Pan

P-g\/1+~2



Kinematics and spin states

224

Basis vectors: #*= —-% (P“ :
V14 72Q g

P — gt M?/(P - q)
M+/1+~2

S - M
S =2 S = ¢S,

P-q\/1+42

Spin vector:  S§¥ =5, + S%

: 1(2 2(v2g* — 224 P*)(v2q¥ — 2x4PY 9 PrgYt _ A20lngY}
Spin tensor: T* = _{_SLL( (g fgd - )" 5 z4P”) +giw) 4 2 r — V4o +S{,ﬁ’}}
23 Y (7 + l)Q YA /72 + ]_Q
3 .. . A
__ Y v w T A vy A
SLL —2T L,L,, ooy — 2T Luwy’ sin g = r Luyy,
|Ser| |Ser|

b — _oT sL2g"P ..
SLr P ﬂgi ’ iy 2T B + 3T Lyl brp — 2Tl
v a v rar v CcOS — , SIn — N b
Sy =2Tapg (") — TapL*LP ¢! 2 Sr7] T = S0




Cross section in terms of structure functions

B Decomposition of the hadronic tensor
2
do o LW

6_ pr—
o / dzqdydzdpndpdP2, — 8Q*z
Ly =2 (L}, + L1, = gul - U + ide€pnpol17)
Polarized lepton beam

! h
N ¥ WH (q; P,S,T; Py) =Y 6* (P +q— P, — Px)
X
(P, S,T|J*(0)|Px, Py) {Px, Pu|J*(0)|P, S, T)

L 7
(
YY

Hadronic tensor must satisfy:
Wy (Q7P’57T7Ph) = W"H ((LPWS)T)Ph)

Hermiticity:
WH (C],P,S,T,Ph) — W,ul/ (Q7P7_§7T;Ph)

Parity invariance :
quW" (¢; P,S,T; P,) = W (¢; P, S, T; Pp) gy = 0

Gauge invariance:



Cross section in terms of structure functions

Hadronic tensor W#"” === Basis tensors multiplied by scaler functions.

. e v :
9 basic Lorentz tensors: ht"” = {gfj”, pipY, Pk Phg , Pp P ;L/q} Py = Pt — quqq“
7 Suv PP PP, pv} Ph-q
hoH = { lnaP Py Pé/}’ c1naP Py Phq} Pl =B — - 7"
A q"q”
hUMV — {P(][MP;L/;} ggy — g,uV _ q2

~

h{}w _ { cval 7 EIU/th}

Polarized basis tensors = Polarization dependent (pseudo) scalars x Basic Lorentz tensors

Symmetric part: hoH = {TPhPh7TPhq7TqCI}h5HV’ {ETPh PPq ETQPPhq};LEW 16

— 23 basis tensors

Antisymmetric part: hit” = {7700 e paal p A {eTPhPPhq, eTqPPhq}B{}W 7
0 ! bscript U, T: t t polarizati
WEr _ N VS RSEY 1 s N A AR subscript U, T: target polarization
T ; riltri ; T Ty superscript S, 4: symmetric, antisymmetric

V. structure functions
K. b. Chen, W. h. Yang, S. y. Wei, and Z. t. Liang, Phys. Rev. D 94, 034003 (2016).

J. Zhao, Z. Zhang, Z-t. Liang, T. Liu, and Y-j. Zhou, Phys. Rev. D 109, 074017 (2024). 8



Cross section in terms of structure functions

B General cross section

" doy  unpolarized
+ 18
do =4 doy  vector polarized
41 +
L dor tensor polarized HE)

23

do Tens

dzadydzddrdipdP?E|

2 2 2

a Yy 0%
T zayQ?2(1—¢) (1 + —) {SLL {FU(LL),T +eFyr),L + V2€e(l +¢) cosdp

2.’13d

U(LL)

+ e cos(2¢p,) F;}‘ZZ?)" +AeV/2e(1 —¢) singy FISJI(HL‘%}

+|Srr| [COS (¢n — drT) (F((}O(SL(’I‘é)h,;¢LT) + EFI(JXESL(I?)}L,Z(Z&LT))

+ v/26(1+ ) ((cos LT Fg 5" + cos (20n — dur) Fyiay” *")

+e < cos(on + quT)F(‘}‘ESL(%H%T) + cos(3¢r,
+ Aen/2e(1 —€) ( sin ¢LTin(nL(?FL)T + sin (2¢y,

+ AeV/1 = e2sin (¢n — drr) Fyppr *2"

U(LT)

_ ¢LT)F§EZ(;:S¢%—¢LT))

sin (2¢y, —
_ (bLT)FL(L(T()ﬁh ¢LT))

Fcos bn SLL

U(TT),T

U(TT),L

+ | S| [cos (201, — 2é77) ( Foos 26n—2¢7T) | pcos (2¢h—2¢TT>>

+1/2e(1 + 6)(COS (¢n — 2¢TT)F5‘EST($;»—2¢TT> + cos (36p — 2677 F <3¢h—2¢TT))

U(TT)

+ & cos(26rr) Fygy ™™ + cos(4n, — 26rr) Fgy™ 1™

U(TT)

+ Aen/26(1 — 5)<sin (¢n — 2677) Fpipn 22" + sin (3¢n — 2677) Fygpay” 0"

+ AeV' 1 —€25sin (2¢0p, — 2¢TT)iné,,(j2,§sh_2¢TT)

)

)




Cross section in terms of structure functions

Ao Tens Integrating over P, Ao Tens

da:ddydzd¢hd1,de,fL ) dzgdydipdz 5
[ d0oTens 20 y2 72 \
P,, integrated SIDIS: dogdydidz ~ zgyQ? 2 a=e) (1 + E) {SLL (FU(LL),T + €FU(LL),L)

+ S| (\/25(1 + €) cos qSLTF(j‘ESL";L)T + Aev/2¢(1 —€) sin ¢LTin(nL%T)

+ |Srrle cos(2¢TT)F5cE§%q)STT) }

Fyryr(@a,2,Q%) = /d2PhLFU(LL),T($daza P} ,Q%
do(EN — ChX) v+ Mdo(UN — £X) 4
> / dzz T — dzgdyd
~ dzdz gdydip v zqdydi
doTens 20 2

Inclusive DIS:

dwddydw :xdyQQ 2 (1 _ 5) {SLL <FU(LL),T + 8FU(LL),L>

+ [SL| \/MCOS ¢LTF§ESLQ;L)T + |Srrle COS(2¢TT)FET(Z§_I“(§“Q;TT)}

Fyryr(@a, Q) = Z/dZZFU(LL),T(mdazaQQ)
h
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Structure functions in terms of partonic functions

® Hadronic tensor up to subleading order in 1/Q

WH = 922 Z e’ / d*prd*kré*(pr + qr — kT)Tr{Cba(x,pT)ﬂy“A“(z, kT)vy"

- o5 [ B P A k) +97H 1B k) 9o, pr) + e

®, A : quark-quark correlators @Aa, AAa : quark-gluon-quark correlators
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Structure functions in terms of partonic functions

B Quark-quark correlators

S . de~d%r
quark-quark distribution correlator:  &,;(z,pr) = / (27)3 ePE(P|1;(0 WU 6 ¥i(€)|P) -
Srr- St -
1 S Do \_ S, _ el LT " PT 1L Pt -o1T - PT
(I’(a:,pT;T)=§{f1LLSLL7/i+—f1LT i pT72++f1 z%?/@ meﬂ A VAR S S
v ST - Pr
e SLTupTy € STTy el PTY s fLLSLL}jV_, + frrir — fT’}TT
+ (91LTT’75¢+) - (ngT 2 5¢+) »
— fhr STTVuPTy s pT'STT'pr_T
+ (g sea Py o (g P ely (g Soroor [Ppte]y TR T R
LLL =SS 1LT 2 LT . Spruer vy . STruPher Py
- o —ZGLTT’Y 5 + e Ve Y5
_ ( llTTJ“ STTuPpT’I’L+u) 4 (Z.hf_TTpT - STT - PT [pT’¢+] )} 2 g
8 v v & v o
\ M M* 2 j (gLLSLL'YS T fy“pT ) (QZT%G% WSLTV) + (ng% T fy“p?vﬂLT pT)
5 'YS vaD pr - STT P &.#V,ypy
B + ) 0
twist- (zh g [v_ ’¢+])—(ih Sct - pT [¢_’¢+])+(’ihl [$LTa¢T])
LLPLL ™ LT 7 5 LT 937
A. Bacchetta and P. J. Mulders, Phys. Rev. D 62, 114004 (2000).

+ (ihTT

M2

2

pr - STT - PT [¢_’¢+]) ( B [STT’YNPTV,PT]>}

2M?

20

twist-3

S. Kumano and Q. T. Song, Phys. Rev. D 103, 014025 (2021).
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Structure functions in terms of partonic functions

m Spin-1 TMD PDFs

twist-2 Quark Polarization
Unpolarized Longitudinally Transversely
Polarized Polarized
1
S N
IS g1L hit
% T fir g1t h1, hip
a
= LL firr hirr
= 1
° LT flLT girLT hirt, h1LT
T firT NTT hirr, hirr

A. Bacchetta and P. J. Mulders, Phys. Rev. D 62, 114004 (2000).

See S. Kumano’s slides, Sep. 23, 2:00 pm

twist-3

twist-4

LL
LT
T

Hadron Polarization

T
LL
LT
T

Hadron Polarization

Quark Polarization

Unpolarized Longitudinally Transversely
Polarized Polarized
ft, e gt h
f[J,_7 €r gi_ hL
fT7 f%: €T, 6%‘ gr, g%‘_ hT, h%
f LlL, eLL gi_L hrr
fur, fir, et exr 9LT, 9T hir, bz
frr, fr, err, erp 917, 97T hrr, hr

Quark Polarization

Unpolarized Longitudinally Transversely
Polarized Polarized

f3 hy

gsL hiL
e 93T har, hap

faLL harr

farr gsLT harr, harr
farT g3TT hsrr, harr

S. Kumano and Q. T. Song, Phys. Rev. D 103, 014025 (2021).
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Structure functions in terms of partonic functions

quark-quark fragmentation correlator:

1 détd?ér | g - n
Bilerkr) = 5.3 | e O (€)X X, Oy, 0)

£+=0

ny —n_, €er— —er, P+—>Ph_, M — My, z—1/z

TMD PDFs ) TMD FFs

f—-D, e—~FE, h—H, g—G

The final-state hadron is unpolarized

< Az, kr) =5 A\ Du_ +iH{ M;}Z‘]} twist-2 .

My, k{l' . [yi’—’ 7£+] e )p)CTU .
| Eopit T o gt AL, S Wpriis -
+ 2P { + oM, + 1 9 +G Y5 A twist-3 4

14



Structure functions in terms of partonic functions

B Quark-gluon-quark correlators

quark-gluon-quark correlator:

dé—d%€r n_
((Dllg)@] (mapT) :/ (27_‘_) 2I)§<‘P|¢J (O)U(O E)ZD'U’( )¢1(5)|P> t4—0 ’LD”(é—)
plus-component: &5 (z,pr) = 2P ®(z, pr)
transverse component: @5 (z, pr) = % (2, pr) — PF®(2, PT)
Under the constraint of parity conservation
/ M . p e = e DT
Q% (z,p1;T) = 9 { [(fLL - zgLL) SLL ]\7 + (fJ';T - Zg;:T) SLTp - (fé“T - ’lgérT) STTpa]\Z,
al . Sy -prP . pr - STT - PT P o e
- (fLT - ZQLT) L:;V[ S Aj/:;) + (fTT —ZQTT) . MT;F S ]\Zp] (ng _“Tp%)
= .~ vS PTo > .~ 6 S oPTBP
[t i) TP (i i) T oPTIE  ,
- N . NI R - N e S - Ca
+ [(hLL +iérr)Scr — (hor —i€LT) M]’VIPT — (hrr — iérr) o ]\ng pT]Z’YT
\ +...(g P+ieT'y5)}¢7+ /

twist-3

15



Structure functions in terms of partonic functions

QCD equation of motion: [iP(¢) — m]y(€) = [vTiD™(§) + v iDT(§) +1FiDa(é) — m| ¥(§) =0

~ m ”
Trl™ [x’y_@g + ’yT,,@iﬁ + p—T<I>2 — —@2] =0 't = {y, v v5,i0%" 5}

M M
The relations between the twist-2 and twist-3 functions: zgt, = zit, + %hm,
2
T-even zerr = TeLr + %flLL; T-odd Ty = Tdrr + %QILT + MhlLT + ]\n; 25)\52 hizr,
Tfip = melL + firr, Tty = Tty + 1T + MhlLT,

1 _ .~ + ﬁf 2
TeLT = FELT T 3 pJILT: TILT = TILT ~ 5 M2 Sapdir + h1LT,
rery = xépr + EflTT A m pr

M ’ Tgrr = Tgpr — _ngT + thT + — T p
2 ons2''1TT»
vepr = aEby M M 2M
’ T97r = TdTr — QT + Mhu"%

~1
rerr = Xerpr, 9

4 £ x = xq _ p_T + ﬂh
zfrr =z fLr, 91T = TITT — 58 pYITT + 3 TT
= p2 2 1
zfir =xfrr — ﬁflLT, chry = ahrr + -5 M2 T hirr
- 2
1 1 ~
foT = foT =+ flLTa zhrpr = xhpr + hipT — %h%LT,

s fpr = = fpr, i T m
) 2 zhip = zhip + hapr + 2]\;2 hirr + A LT
CI:fTT = x_fTT - QflTTa 7 p
i 2M zhrr = zhrr + hirr — T2 hf'TTv
N 0 2M
:EfTT = ’T’.fTT + flTT, ~ p2 m
xh%T = mh%T + hirr + —21\;2 h%TT — T

Each of the TMD PDFs defined by quark-quark correlator have the corresponding relations. 16



Structure functions in terms of partonic functions

B Results for structure functions

C[’wa] =Z Z 62/ dszdsz(s(z) (kT — PT — PhJ_/Z) w (kT,pT) fa (JZ, k%) D“ (Z,p%)

Up to twist-3, we have 21 nonzero structure functions:

Fyry,L =0,

F(CJ(E:% _ %C[— i’% (wflJ,-LDl + %hfu§> - iLMiT (thLHf' + %ﬁu%)],

riy —[ - 2ckrlhop) gy )

FZI(HL% _ %C l B EM’:T <£L’6LLH1J_ + %flLL%) + h]'\fT (ngLD1 + %hﬁLgﬂ,

F[‘}(ES]’.J(:;?)"’;"&LT) =C {H#ﬁLTDl] ;

o™ =0,

rigsr = 2] = [(anrm e Yonn )|+ S0 (ansoitt + Yoous &) + (sntoitt ~ a2 |

h = Py, ) /| Py | : the direction of the transverse momentum

» In the parton model, S;;-dependent structure functions “=" unpolarized structure functions
« twist-2: even number of ¢ha ¢L7} ¢TT twist-3: odd number of ¢h9 ¢L7} ¢TT

 nonvanishing structure functions === study the tensor-polarized TMD PDFs .



Structure functions in terms of partonic functions

Py integrated SIDIS: [FU(LL),T(xda z) =1 Z e?szLL(m)Dcll(z)J

doves _ 207 " () T Nfg (g veR Fy(Lp),L(T4,2) = 0
drqdydipdz ~ zay@22(1 —€) 234 ) " HE\ T VED.T T EUL).L ) UEDLEGE T -
. cos o117 _ 258 g a
+ |Srr| (\/ 2¢(1+€) cos ¢LTF((}(22%T + Aev/2¢(1 — €) sin ¢LTle(nL‘?FL)T> EU(LT) (2a,2) = —x za: €a 0 fir(z) Dy (z)J
2 2
+ |S7rle cos(2¢TT)F[3(Z§ET¢)’TT)} F((}(zsér(Tq;TT)(xd, z) = 0.

Inclusive DIS:
vr),r(zTd) = Z eczszLL(x),] twist-2

doTens 20 y2 { ( ) F; ( ) =0
= S| F; + eF; U(LL),L\Zd ,
dl’ddy(hﬂ xdyQQ 2 (1 _ 8) LL U(LL),T U(LL),L - COS ¢LT( ) 2 2 fa‘ ( )
cos cos F, Td) = —T €a— A JLT\Z), ist-
+ |Srr|v/2e(1 + €) cos ¢LTFU(L('§“I§T + |STT|ECOS(2¢TT)FU(IS§%STT)} U(LT) Ea : 5 0 ] twist-3
2
F((}(E?ZSTQ)STT)(md) = 0.

Extract tensor-polarized collinear PDFs

18



Summary

We express the tensor-polarized part of the SIDIS cross section in terms of 23 structure functions.

In the parton model, we compute the structure functions up to the subleading power in 1/0Q (twist-3).
The 21 structure functions have nontrivial expressions in SIDIS.

Only two structure functions contribute to the cross section in inclusive DIS.

Upcoming experiments, such as those at JLab using tensor-polarized deuteron targets, will facilitate
measurements, enhancing our understanding of nucleon spin dynamics and potential novel nuclear
phenomena.

Tbantk you!
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Cross section in terms of structure functions

The relations between these two sets of structure functions:

: 1 1 1 cos(2¢7T)
Fyoyr = — lQ(l + ’72)b1 - Z—d (6b2 — 553)], by = —72(72 1) (FU(LL),T S5 FU(TT)TT ),
1 1 ___ %d Cos pLT 2 cos(2¢77)
FU(LL),L — x_d l2(1 + ’72)$dbl _ (1 4+ ,72)2 <§b2 + b3 + b4> b2 (72 T 1)2 [FU(LL),L + FU(LL),T + 2’7FU(LT) = (2’7 + 1)FU(TT) ]7
2 Zq 2 2 3 cosprr
bs= ——=| —7v°F —v°F; —2v°F
_ (1 + 72) (%b2 . b4) _ (%bz _ b3>], Y 03 3(72 + 1)2 [ Y Yurn),L — 7Y YuL),T T Py
4 2 cos(2¢rT)
ULT) — 9. QU2 T V4 QU2 7 4U3 | z cos
. 2952‘1 3 3 72bs = T302 4 i 12 [72FU(LL),L + 7V Fonyr — 2027 + 3 Fg T
COS 1 1
F U(T(;(;)STT) =— —~bo — b3 |. 4 2 cos(2¢7T)
214 2 + (27* + 13~y + 12)FU(TT) .

P. Hoodbhoy, R. L. Jaffe, and A. Manohar, Nucl. Phys. B 312, 571 (1989).

W. Cosyn, B. R. Tomei, A. Sosa, and A. Zec, Eur. Phys. J. A61, 83 (2025).
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Structure functions in terms of partonic functions

QCD equation of motion

[iD(€) — m]p(€) = [y iD™ (&) + v iDT (&) + v§iDa(§) — m] (£) =0
M M2 3 5 M - M\2.
<1>=<1>2+ﬁ<1>3+<ﬁ) 2, LB = B+ i,4+(ﬁ) 89,5

Py [eMy~ @5+ My, & o + pp0s — m]

. - M
+ P, [achy By + Mg, , + P B3 — m<I>3} = =0,

where we use the relations Py ®4 =P_Py =0 Py@% 5 = P_954 = 0

_ = m .
Tl |2y~ @3 + 97,9 5 + %‘1’2 - M%] =0 It = {y, 7 y5,i0%" 5}

22



Structure functions in terms of partonic functions

(A“) (2 kT)

QZZ [ s € OU D) Ol X (XN O Uiy

A% (z, kr) = AY (2, kr) — k2A(z, kr)

Mh - « 1\ - . ’yi—
AA('za kT) - 2z {( ZGJ_) M (gT + ZGT 75) (H + ,LE)ZFY'% t... (g;“f’ _ Ze%p75) }7
E E m
i ALY
> > + Mh 1
D+ Dt
- = — +D17
z z
G_L G'L m L
= H
z z + Mh 1o
] 2
E = E + k—THlJ‘

23



Structure functions in terms of partonic functions

21 nonzero structure functions:

Fywr),L =0,

F{}(ESL% _ %C[— ﬁ% (xffLD1 n %Mﬁué) - FL]\'/;T <:L‘hLLH1J_ + %ﬁu%)],

F((}(ESL?)’L _c [ B 2(h - kT)(i;\/;;h) —kr 'PTh{_LLI_IlJ_] ,

ngi(j‘é)"’;qﬁw) =C VLJT flLTDl] ;

™" =0,

ngqusTL)T _ %C{ B KfoTDl + %hlwgﬂ + :JT\/H\IZ Kar:hLTHlL + %glLT%) + <achiTHlL - %flLT%)} },

24



Structure functions in terms of partonic functions

h-k
s (Pn+orT) _ =C |: — ThlLTHf_:| )

U(LT) M,
oS (Bén—drT) _ —C h’ kr (h pT) (i" : kT)p%“ - 2(i" -pr)(kr - pT) hi

U(LT) 2M2Mh lLT

sin E kT - pPr M, DJ' M GJ‘
FL(L%T = C{ (ﬂchTD1 + —h1LT ) + oMM, KmeLTHl — ﬁhglLT7) — (xefTﬂl ]\/;flLT_ ,

~ 1

sin(2¢,—¢rr) _ 2M 2(h - kr)(h - pr) — kr - pr M, Gt M,, D
FL(LT)h LT Q C{ 2MMh .’EeLTHlJ_ + ﬁflLT7 + iEeLTHl — ﬁglLTT ,
E ZI(HL(I?)h #or) = l glLTD1] ;

22 fz .pr)? — P

F I(}(z;“(T()ﬁ”il“ el C{ A ]\4)2 Lf lTTD1] ;

cos (2¢n—2¢rT)
Foerry =0,

A ~ > 2 . al l J_

cos(¢n—26rr) _ 2M | h-pr M, H, (h-kr)p7—2(h-pr)(kr-pr) M, G Lo My D

Fyrry 0 C{ M (@frr Dy - ﬁthT;)“‘ 2M2 M, zhrrHi — 9T |+ zhprHi — ﬁflTTT ;
(on—26rr) _ 2M [ 3(h - pr)(2(h - pr)* — P7) My | H*

F((}(Z;T)h TT Q C{ YE xfTTDl + ﬁthT

4(h - k7)(h-pr)2 — 2(h - k- —(h-k D+ M Gt
n (h - kr)(h - pr) (2M2p]\7/:r)h( - pr) — (h-kr)pt KthTHl +—f1TT—) _ (thTHl +]thlTT)]},
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Structure functions in terms of partonic functions

oS (2é77) _ C |:kT - Pr thTHf] )

U(TT) MM,
eos Uen—20r7) _ o] _ A(h - kr)(h - pr)p3 — 8(h - kr)(h - pr)® n 4(kr - pr)(h - pr)? — (k7 - P1)DT Wi ol
U(TT) 2M3Mh 2M3Mh 1TTH1

L(TT) Q M M P 2M?2M,, M M

(b — oM [ h- M E h - kp)p2 — 2(h - pr)(kr - M, Gt M, Dt
psin(en—2677) _ C{ pT (ngTDl My > _ (h-kr)pr — 2(h - pr)(kr - PT) l(xeTTHf _ —hflTT7) _ (we%THf B

sin(3n—2677) _ ﬂc _ 3(ﬁ'pT)(2(ﬁ'PT)2 - p%) %hL E
L(TT) Q 2M3 M T

A(h - kr)(h - pr)? —2(h - pr)(kr - pr) — (h - kT)P? M Gt M DL
+ 2M2M,, T [(weTTHiL-f-ﬁhflTT?) + (:L'G%Tﬂf—{— ]WhngT . >] ,

in (2¢5—2 2(h - pr)? — p3
F ZI(HT(T()% ) = ¢ [ X M)2 L 917Dy

(wgql“TDl +

z
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